Mechanisms of corneal drug penetration. II: Ultrastructural analysis of potential pathways for drug movement.
Ultrastructure analysis was conducted in an effort to augment the results of classical kinetic studies. Scanning electron microscopy (SEM) allowed visual inspection of cellular junctions on corneal epithelium and endothelium. The addition of calcium-chelating agents to in vivo and in vitro mounted corneas demonstrated a concentration-dependent progressive expansion of the intercellular spaces of epithelium and endothelium, as seen by SEM. The expansion of these cellular junctions correlates with increases in permeability of the cornea to glycerol under similar conditions. The size of the intercellular space was estimated by transmission electron microscopy. Use of lanthanum as a marker of aqueous diffusional pathways demonstrated that the epithelial surface is not a totally occlusive barrier to transport of small hydrophilic compounds. Development of a method whereby an administered drug could be visualized in its actual pathway of movement through the cornea was undertaken, involving precipitation of specific compounds in the tissue with osmium tetroxide vapor. Results suggest that separate pathways of drug movement exist in the cornea for hydrophilic and hydrophobic compounds. Hydrophilic compounds were preferentially located in intercellular spaces, whereas hydrophobic compounds were associated with the lipid structures of the tissue. The results of these studies are consistent with a currently proposed 'pore' model for the penetration of drugs through the cornea.